Introduction {#sec1}
============

Endometrial cancer (EC) is the sixth most common cancer in women worldwide and the fourteenth most common cancer overall \[[@cit0001]\]. Most of the cases are discovered in the early stages because vaginal bleeding is an early symptom of EC \[[@cit0002]\]. The most common histological type of EC is the endometrioid \[[@cit0003]\]. The mortality rate for EC has been increasing more rapidly than the incidence rate. This can be attributed to an increased rate of high-risk histological subtypes, increased rate of advanced stage at the time of diagnosis, and increased number of patients diagnosed at older age \[[@cit0004]\]. Risk factors for EC include increased age, obesity, long-term exposure to unopposed oestrogens, residence in North America or Europe, high concentration of oestrogens postmenopausally, metabolic syndrome, years of menstruation, nulliparity, long-term use of tamoxifen, hereditary non-polyposis colorectal cancer (HNPCC), hormone replacement therapy with less than 12--14 days of progesterone, and first-degree relative with EC. Decreasing factors include grand multiparity, smoking, oral contraceptive use, physical activity, and diet of some phyto-oestrogens \[[@cit0005], [@cit0006]\]. Presently no tumour marker is routinely used for diagnosis of EC \[[@cit0002]\]. Cancer antigen 125 (CA125) has been widely investigated in gynaecological disease; however, its level can be elevated in many malignant and non-malignant gynaecological and other diseases \[[@cit0007]--[@cit0010]\]. Human epididymis (HE4) gene was reported for the first time by Kirchhof *et al*. in 1991 in the epithelial cells of human distal epididymis \[[@cit0011]\]. HE4 is overexpressed in ovarian cancer. Recently studies have assessed the role of HE4 in the diagnosis, follow-up, and management of EC \[[@cit0003], [@cit0004], [@cit0012], [@cit0013]\].

Aim of the study {#sec2}
================

The aim of the study was to assess the difference between serum levels of tumour markers HE4 and CA125 among patients with endometrioid EC, considering the presence and absence of the following risk factors: older age, early menarche, late menopause, overweight and obesity, diabetes, hypertension, menopause, and family history of certain risk factors. The analysis was planned to be carried out among all patients, groups of patients with certain stages and grading of EC.

Material and methods {#sec3}
====================

This was a retrospective study of 46 patients diagnosed with endometrioid EC admitted to our clinic between October 2012 and June 2015 for surgical operation. The inclusion criteria were as follows: histological diagnosis of endometrioid EC, a complete history of the patients considering the presence or absence of certain selected risk factors of EC, documented serum level of HE4 and CA125 within one week of surgical operation, and complete surgical staging. The following risk factors were considered in the study: age over 60 years, postmenopausal status, overweight and obesity, presence of hypertension, presence of diabetes, early menarche, late menopause, and positive family history of certain cancers. The data of the last menstrual period, height, weight, hypertension, diabetes and family history of a cancer were collected from the histories. The menopause was defined as absence of menstruation for at least one year. The group of malignancies associated with HNPCC are considered in the family history. These include malignancies of the uterus, ovary, breast, gastrointestinal tract, urogenital tract, and prostate \[[@cit0014]\]. Early menarche was defined as first menstruation before age of 11 years or earlier \[[@cit0015]\]. Late menopause was defined when menopause occurred at 56 years of age or older \[[@cit0016]\]. An age over 60 years was used to characterise older patients \[[@cit0017]\]. Overweight was defined when body mass index (BMI) was equal to or higher than 25 and less than 30. Obesity was defined as BMI equal to or more than 30 \[[@cit0018]\]. For each patient a blood sample was collected within one week before surgical operation. Both HE4 and CA125 were measured at the same time by kits (Fujirebio Diagnostics, Inc.) in the same apparatus (Cobas 8000 e602) using electro-chemiluminescence immunoassay (ECLIA). Staging of the EC was done according to the International Federation of Gynaecology and Obstetrics (FIGO) \[[@cit0019]\]. The histological grade of the disease was considered as mild (G1), moderate (G2), or sever (G3) according to the histopathological assessment. Patients with incomplete data, renal diseases, and personal history of malignancy, chemotherapy, or radiotherapy were excluded from the study. The descriptive analysis of the distribution of menopause, hypertension, diabetes, family history of certain cancers, and staging and grading of EC was performed. The Shapiro-Wilk (S-W) test was used to assess the distribution of the variables of HE4 and CA125. Due to lack of normal distribution of the variables of HE4 and CA125, non-parametric *U*-Mann-Whitney test was used to determine if the serum concentration of tumour markers HE4 and CA125 was significantly higher among patients with selected risk factor than among those without them. The analysis was performed for all stages of EC, stage I, advanced stages of EC, histological G1, and more advanced grades. In this study a *p* value less than 0.05 was considered as significant.

Results {#sec4}
=======

The study involved 46 patients who were diagnosed with endometrioid EC between the ages of 37 and 86 years, with an average age of 66.6 years (standard deviation (SD) = 11.2 years). The vast majority 42 (91.30%) of patients were after menopause and only 4 (8.7%) of the patients were before menopause. Menopause occurred at the age of 35 to 59 years, at an average age of 49 years (SD = 5.7 years). The average age of menarche was 13 years (SD = 1.3 years). The average BMI in the examined patients was 30.4 (SD = 7.2). The largest group of patients was in stage I (73.91%). The number of patients with stage II and III was 2 (4.35%) and 10 (21.73%). Stage IV was not confirmed in any patient. The study included 34 (73.91%) patients with G1, nine (19.57%) patients with G2, and three (6.52%) patients with G3. Hypertension, diabetes, and family history of certain cancers was confirmed in 28 (60.87%), eight (17.39%), and 10 (21.74%) patients, respectively. The mean level of HE4 was 167.79 pmol/l (SD = 238.31). The mean level of CA125 was 63.32 U/ml (SD = 176.03).

The *p* value for S-W test for both tumour markers was \< 0.001. In the statistical analysis patients were grouped according to the presence of specific risk factors, namely: age above 60 years, postmenopausal status, overweight and obesity, hypertension, diabetes, early menarche, late menopause, and positive family history of certain cancers. The statistical difference in serum concentrations of HE4 and CA125, considering the presence or absence of risk factors, was analysed. A nonparametric *U*-Mann-Whitney test was performed because the variables were not normally distributed. Results of the statistical analysis considering EC staging and grading are shown in [Table 1](#t0001){ref-type="table"} and [2](#t0002){ref-type="table"}, respectively.

###### 

Comparison of HE4 and CA125 serum concentrations in patients considering selected risk factors in different stages of EC

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Risk factor                                                  All stages of EC   Stage I EC   Stages II-III EC                                                                                                    
  -------------------------------------------- --------------- ------------------ ------------ ------------------ --------- ------ ---------- -------- ------ -------- ------ ---------- --------- ------ -------- ------
  Age                                          \< 60 years\    12 (26)\           82.80\       0.26               15.99\    0.94   8 (23)\    47.00\   0.06   14.08\   0.51   4 (33)\    517.8\    0.68   159.3\   0.28
                                               \> 60 years     34 (74)            100.7                           20.43            26 (77)    94.90           15.85           8 (67)     204.15           41.52    

  Menopause                                    No\             4 (9)\             460.25\      0.83               104.89\   0.16   2 (6)\     45.85\   0.05   15.59\   0.97   2 (17)\    1177.4\   0.03   693.8\   0.03
                                               Yes             42 (91)            99.35                           18.09            32 (94)    94.90           15.72           10 (83)    175.15           41.52    

  BMI                                          18.5-- 24,99\   8 (18)\            94.90\       0.35               22.65\    0.21   7 (21)\    93.20\   0.35   22.30\   0.06   1 (9)\     259.9\    0.72   77.40\   0.90
                                               ≥ 25            37 (82)            101.30                          16.05            27 (79)    90.20           11.39           10 (91)    202.7            41.52    

  Hypertension                                 No\             18 (39)\           112.75\      0.98               20.30\    0.28   12 (35)\   75.90\   0.30   15.91\   0.65   6 (50)\    285.75\   0.18   101.2\   0.31
                                               Yes             28 (61)            98.25                           16.97            22 (65)    93.40           13.60           6 (50)     148.3            40.86    

  Diabetes                                     No\             38 (83)\           98.25\       0.45               18.43\    0.57   28 (82)\   91.70\   0.61   15.93\   0.38   10 (83)\   202.7\    0.75   41.52\   0.75
                                               Yes             8 (17)             148.80                          13.85            6 (18)     103.65          9.55            2 (17)     218.25           71.72    

  Menarche                                     Early\          3 (6)\             100.10\      0.73               26.43\    0.22   2 (6)\     99.00\   0.64   24.37\   0.25   1 (8)\     173.7\    0.83   125.0\   0.66
                                               Normal          43 (94)            98.60                           16.17            32 (94)    89.70           15.33           11 (92)    231.7            54.00    

  Onset of menopause                           Normal\         36 (86)\           97.25\       0.08               16.97\    0.22   29 (91)\   93.20\   0.49   15.64\   0.38   7 (70)\    173.7\    0.26   54.00\   0.83
                                               Late            6 (14)             174.25                          53.22            3 (9)      123.5           107.0           3 (30)     259.9            29.04    

  Positive family history of certain cancers   No\             36 (78)\           100.70\      0.64               18.43\    0.90   26 (77)\   94.90\   0.46   15.91\   0.73   10 (83)\   202.7\    0.36   41.52\   0.27
                                               Yes             10 (22)            93.90                           15.93            8 (23)     81.20           13.04           2 (17)     834.8            630.02   
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

EC -- endometrial cancer; N -- number of patients; M -- median; SL -- significance level; BMI -- body mass index

###### 

Comparison of HE4 and CA125 serum concentrations considering histological grading

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Risk factor                                                 Histological grade G1   Histological grade 2--3                                                                
  -------------------------------------------- -------------- ----------------------- ------------------------- ------- -------- ------ ---------- --------- ------ -------- ------
  Age                                          \< 60 years\   9 (26)\                 49.00\                    0.03    15.80\   0.56   3 (25)\    861.90\   0.06   193.6\   0.37
                                               \> 60 years    25 (74)                 96.60                             18.56           9 (75)     110.8            22.3     

  Menopause                                    No\            2 (6)\                  45.85\                    0.05    15.59\   0.85   2 (17)\    1177.4\   0.03   693.8\   0.03
                                               Yes            32 (94)                 94.9                              17.17           10 (83)    115.4            20.09    

  BMI                                          18.5--24.99\   6 (18)\                 68.55\                    0.30    19.59\   0.24   2 (17)\    156.55\   0.75   59.3\    0.75
                                               ≥ 25           27 (82)                 90.20                             15.01           10 (83)    120.5            22.8     

  Hypertension                                 No\            13 (38)\                67.7\                     0.15    15.64\   0.88   5 (42)\    311.6\    0.07   96.3\    0.03
                                               Yes            21 (62)                 96.6                              18.56           7 (58)     110.8            12.8     

  Diabetes                                     No\            28 (82)\                89.7\                     0.159   16.11\   0.94   10 (83)\   166.5\    0.48   28.38\   0.27
                                               Yes            6 (18)                  197.15                            37.66           2 (17)     103.65           13.85    

  Menarche                                     Early\         2 (6)\                  135.8\                    0.47    75.72\   0.10   1 (8)\     100.1\    0.50   22.3\    0.99
                                               Normal         32 (94)                 89.70                             15.93           11 (92)    121              27.72    

  Onset of menopause                           Normal\        28 (87)\                91.7\                     0.23    15.93\   0.18   8 (80)\    115.4\    0.53   20.09\   0.88
                                               Late           4 (13)                  174.25                            92.2            2 (20)     206.45           20.92    

  Positive family history of certain cancers   No\            25 (73)\                93.2\                     0.67    18.29\   0.70   11 (92)\   120.0\    0.16   22.3\    0.16
                                               Yes            9 (27)                  89.20                             15.8            1 (8)      1493.0           1194     
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

EC -- endometrial cancer; N -- number of patients; M -- median; SL -- significance level

Among the whole group of patients and stage I EC patients there was no significant statistical difference of serum concentrations of HE4 and CA125 between groups of patients with specific risk factors and all other examined patients without this risk factor. In the case of advanced stages of EC, premenopausal patients had higher serum concentrations of HE4 and CA125 than postmenopausal patients. Within G1 grade, patients aged over 60 years had higher serum HE4 concentrations than younger patients, while CA125 was not significantly higher. In the advanced histological grades of EC, premenopausal patients had higher levels of HE4 and CA125 than postmenopausal patients. Patients without hypertension had higher CA125 serum concentration levels than patients suffering from this disease.

Discussion {#sec5}
==========

In our study we assessed the serum levels of HE4 and CA125 in patients with endometrioid EC, considering certain risk factors. In the study of Li *et al*. the expression rate of HE4 was not significantly different between different histological subtypes of EC \[[@cit0002]\]. However, Angioli *et al*. showed a significant difference \[[@cit0020]\]. In our study patients with histological diagnosis other than endometrioid EC were excluded from the study. The possible effect of significant different levels of HE4 and CA125 among patients with other histological subtypes of EC was eliminated. In the study by Nagy *et al*. significantly increased HE4 concentrations were found in individuals with decreased glomerular filtration rate compared with a control group. Significant elevation of CA125 was seen only in those who had severe renal failure \[[@cit0021]\]. In our study the possible false positive results of tumour markers caused by renal diseases were eliminated from the study because all of these patients were excluded from the study. Tamoxifen intake was not taken into consideration in the study because all patients with a previous history of malignancy were excluded from the study.

The prospective study by Brennan *et al*. of 373 EC patients revealed that HE4 and CA125 were not significantly different considering diabetes and BMI at a cut-off level of 30 \[[@cit0022]\]. In spite of different cut-off levels in our study, these results of the prospective study with use of a greater number of patients support our finding. However, our results considering hypertension and age are not compatible with the results of Brennan *et al*., in which there was a significantly higher level of HE4 among patients with hypertension and patients older than 62 years. Indeed, we found within the group of advanced histological grading G2 and G3 a significantly higher level of CA125 among patients without hypertension than among patients with hypertension. These incompatible results may be related to the smaller number of patients included in our study \[[@cit0022]\]. Our results are supported by Hsieh *et al*., who showed no significant statistical difference of CA125 considering age at a cut-off level of 50 years \[[@cit0023]\]. In our study the serum levels of HE4 and CA125 were not increased significantly in patients with positive family history of certain malignant diseases than in those without family history in all subgroups of patients with endometrioid EC. These results should be interpreted with caution because we included only the possible malignancies related with HNPCC. Further prospective studies are necessary to determine the diagnostic value of HE4 and CA125 in the screening and diagnosis of EC among carriers of HNPCC \[[@cit0014]\].

Capriglione *et al*. showed a significantly higher level of HE4 among patients with advanced histological grades \[[@cit0024]\]. In our study we assessed the statistical difference of serum level of tumour markers among patients with histological grade G1 and among those with G2 and G3. The results are not similar with regard to age, menopausal status, and arterial hypertension. Among patients with histological grade G1, in the group of patients with age \> 60 years a significant higher level of HE4 was found in comparison to patients younger than 60 years. This correlation may indicate the importance of HE4 in the determination of an algorithm for detecting EC in older patients. In the group of patients with advanced histological grading, a significantly higher level of both tumour markers was found in premenopausal patients than in postmenopausal. In addition, a significantly higher level of CA125 was found among patients without hypertension than in the hypertensive patients. This result may implicate the importance of these tumour markers together with age, menopausal state, and hypertension in the future prediction models of EC.

According to some studies in the literature, the serum level of HE4 is significantly higher in advanced stages of EC in comparison to stage I \[[@cit0025]\]. In stage I of EC, the serum level of tumour markers had no significant statistical difference considering selected risk factors. This may suggest unnecessary use of a correlation between these tumour markers and certain risk factors in the future algorithmic diagnostic methods for early EC. More prospective studies are needed to support our findings. In advanced stages and histological grades of EC, a significantly higher level of HE4 and CA125 was found in premenopausal patients than in postmenopausal. This fact may suggest the importance of the menopausal status in establishing algorithms for EC in the future.

The strength of our study includes the fact that only endometrioid EC patients were taken into consideration, making the group homogenous. Serum levels of HE4 and CA125 were measured together within one week before surgical operation using the same protocol. All patients with renal diseases were excluded from the study. The weakness of the study is the retrospective type of the study and the small total number of patients included in the study. One of the weak points in our study is the overlapping of risk factors. One patient may have multiple risk factors. Indeed, some risk factors often occur together. For example, metabolic syndrome is a constellation of interconnected physiological, biochemical, clinical, and metabolic factors that predispose to cardiovascular diseases, hypertension, diabetes, and dyslipidaemia \[[@cit0026]\]. The presence of certain individual risk factors in this syndrome may contribute to the increased level of tumour markers, making the interpretation of the overall result invalid. Studies with certain groups of risk factors can be an option when these risk factors coexist. Our study was conducted only in one centre. Further prospective multicentre studies are needed to support our findings.

The results of our study need to be validated by studies comparing the differences of the serum level of these tumor markers considering certain risk factors between EC patients and control patients. These risk factors alone may affect the serum level of these markers. Higher levels of HE4 are related to age, smoking, and hepatic and renal failure while lower levels of HE4 are related to obesity \[[@cit0025]\]. The study of Bolstad *et al*. revealed that age was the main determinant of HE4 level among healthy subjects, and it increases with increasing age \[[@cit0027]\].

HE4 and CA125 can be used with clinical data for the prediction for risk of ovarian malignancy \[[@cit0028]\]. Our findings may give impulse for the development of algorithmic models considering HE4 and CA125 with other clinical data including risk factors for prediction of high-risk patients to select the most appropriate method of management.

In conclusions:

1.  There is a limited value to correlate the level of HE4 and CA125 with certain risk factors among the group of all patients with endometrioid endometrial cancer and the subgroup of patients with stage I.

2.  Higher levels of HE4 and CA125 may be an alarming sign among premenopausal patients with advanced stages and classes of histological grading of endometrial cancer.

3.  Elevated CA125 may be used in future in algorithms for prediction of high-grade endometrial cancer in patients without hypertension.
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